d
REPORT DOCUMENTATION PAGE OMB NG, bron 0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis
Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a
collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
21-10-2010 Technical Paper

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
FluoroPOSS Monolayers Covalently Bound to a Silica Surface 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Joseph M. Mabry (AFRL/RZSM);
Raymond Campos, Sean M. Ramirez, Timothy S. Haddad (ERC) Se. TASK NUMBER

5f. WORK UNIT NUMBER
23030521

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Air Force Research Laboratory (AFMC)
AFRL/RZSM AFRL-RZ-ED-TP-2010-439
9 Antares Road

Edwards AFB CA 93524-7401

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S
ACRONYM(S)

Air Force Research Laboratory (AFMC)

AFRL/RZS 11. SPONSOR/MONITOR’S
5 Pollux Drive NUMBER(S)
Edwards AFB CA 93524-70448 AFRL-RZ-ED-TP-2010-439

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited (PA #10534).

13. SUPPLEMENTARY NOTES
For presentation at the American Chemical Society Spring 2011 National Conference, Anaheim, CA, 37-31 Mar 2011; for publication in
Polymer Preprints.

14. ABSTRACT

Recent studies have been increasingly utilizing fluoroalkyl-substituted Polyhedral Oligomeric SilSesquioxanes (POSS) molecules, known as
fluoroPOSS, for producing non-wetting surfaces. Most commonly, (1H,1H,2H,2H-perfluorodecyl)gSigO,, (fluorodecyl POSS, has been utilized
for its extraordinarily low surface energy (=10 mN/m) and phase behavior in polymer blends. However, fluoroPOSS surfaces can seldom
experience abrasion, or extended exposure to certain liquids, and still retain their non-wetting properties. A route to synthesize a functional
fluoroPOSS molecule or monomer, with the ability to be covalently attached to a textured surface or polymer, is desired for the potential ability
to develop a mechanically robust omniphobic surface. In the current study, mono-, di-, and tri-chlorosilanes tethered to a fluorodecyl POSS cage
are synthesized via hydrosilylation of (vinyl, methyl) (1H,1H,2H,2H-perfluorodecyl)sSigO13 POSS. Products are identified by NMR
spectrometry. The synthesized monochlorosilyl-functional fluoroPOSS compound is subsequently used to treat silicon dioxide surfaces.
Covalent attachment is confirmed by atomic force microscopy and dynamic contact angle analysis.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE
OF ABSTRACT OF PAGES PERSON
Dr. Joseph M. Mabry
a. REPORT b. ABSTRACT C. THIS PAGE 19b. TELEPHONE NUMBER
SAR 3 (include area code)
Unclassified Unclassified Unclassified N/A

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18




FLUOROPOSS MONOLAYERS COVALENTLY BOUNDTO A
SILICA SURFACE

Raymond Campos.” Sean M. Ramire=," Timothy S. Haddad," and Joseph M.
Mabry”

*ERC, Inc., "Air Force Research Laboratory
Edwards Air Force Base, CA 93524

Abstract

Recent studies have been increasingly utilizing fluoroalkyl-substituted
Polyhedral Oligomeric SilSesquioxanes (POSS) molecules, known as
fluoroPOSS, for producing non-wetting surfaces.  Most commonly,
(1H,1H,211,2H-perfluorodecyl )s5i0y: (fluorodecyl POSS), has been utilized
for its extraordinarily low surface encrgy (=10 mN/m) and phase behavior in
polymer blends. However, fluoroPOSS surfaces can seldom experience
abrasion, or extended exposure to certain liquids, and still retain their non-
wetting properties. A route to synthesize a functional fluoroPOSS melecule or
monomer, with the ability o be covalently attached to a textured surface or
polymer, is desired for the potential ability to develop a mechanically robust
omniphobic surface.

In the current study, mono-, di-, and tri-chlorosilanes tethered to a
fluorodecyl POSS cage are synthesized via hydrosilylation of (vinyl,
methyl)(1H,1H,2H,2H-perfluorodecy! )sS150,3 POSS. Products are identified
by NMR spectrometry. The synthesized monochlorosilyl-functional
fluoroPOSS compound is subsequently used to treat silicon dioxide surfaces.
Covalent attachment is confirmed by atomic force microscopy and dynamic
contact angle analysis.
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Introduction

Polyhedral Oligomeric SilSesquioxanes (POSS) are a class of molecules
consisting of a polyhedral Si-O core, surrounded by organic functionality,
Recent studies have been increasingly utilizing molecules known as
fluoroPOSS, which possess fluoroalkyl groups on their periphery, for the
improvement of low surface energy characteristics. Most commonly,
(1H,1H,2H.2H-perfluorodecy!):S1:0:: (fluorodecyl POSS), is used to produce
non-wetting surfaces."* The wtility of this compound stems from its
extraordinarily low surface energy (=10 mN/m), believed to be the lowest of
any crystalline solid, as well as its phase behavior in polymer blends.® The
structure of fluorodecyl POSS can be seen in figure 1. A common approach
produce a non-wetting surface using fluoroPOSS is to coat a pre-textured
surface with a fluoroPOSS/polymer blend, or to deposit the blend on a flat
surface in a specific way, such as electrospinning or spraying, to induce a
specific texture. Depending on the texture of the surface and the paricle
loading concentration, surfaces utilizing {luoroPOSS can exhibit a wide range
of non-wetting characteristics, from moderately hvdrophobic to omniphobic,
repelling essentially all liquids. Although these coatings have a wide range of
applications, fluoroPOSS surfaces can seldom experience abrasion, or
extended exposure to certain liquids, and still retain their non-wetting
properties. A route to synthesize a functional fluoroPOSS molecule or
monomer, with the ability to be covalently attached to a textured surface or
polymer, is desired for the potential ability to develop a mechanically robust
omniphobic surface.

In the current study, mono-, di-, and tri-chlorosilanes tethered to a
fluorodecyl POSS cage are synthesized wia hydrosilylation of (vinyl,
methyl)( 1H, 1H,2H,2H-perfluorodecy!)sSis0; POSS. Products are identified
by NMR spectrometry, observing 'H, "C, "F, and ®Si nuclei. The
synthesized  monochlorosilyl-functional  fluoroPOSS  compound  is
subsequently used to treat silicon dioxide surfaces, Atomic force microscopy,
reflectance  spectroscopy and dynamic contacl analysis are used to
characterize covalently bound fluoroPOSS monolayers on the surface of
silicon dioxide.

Ry CH,CH,(CFo1CF,
Figure 1. Structure of fluorodecyl POSS (left) and an image of a water droplet
advancing on a silicon wafer spin-coated with fluorodecyl POSS.

Experimental

Materials. Dimethylchlorosilane,  methyldichlorosilane, and
trichlorosilane were obtained from Gelest and distilled prior to use.
Platinum(0)-divinyl tetramethyldisiloxane (2 wi% Pt solution in xylenc) was
received from Aldrich. Hexafluorobenzene was used as received from
Synquest Laboratories. Silicon wafers (25.4 mm diameter, Type N, 100) were
obtained from Wafer World.

Instrumentation. 'H, "C, ""F, and *"S: NMK spectra were recorded on
a 300-MHz Bruker spectrometer. Wetting behavior of treated silicon
substrates was performed on a DataPhysics OCA 20 goniometer. The rms
roughness values of treated surfaces were obtamed using an atomic force
microscope (Digital Instruments Dimension 3100).

Synthesis of (vinyl, methyl)(111,1H,2H,2H-perfluorodecyl);Si, 05
POSS (1). The synthesis of compound (1) will be discussed in a future
publication.

Synthesis of (methyl, ethylchlorosilyl)(1H,1H,2H,211-perfluoro-
decyl)ySisOPOSS (2a-2¢). Compounds 2a, 2b, and 2c were prepared by the
platinum-catalyzed  hydrosilylation  of compound (1) and

dimethylchlorosilane, methyldichlorosilane, or trichlorosilane, respectively,
The reaction scheme can be seen in Figure 2. A solution of compound (1) (0.5
g, 0.123 mmol) was sealed in a glass pressure vessel equipped with a built-in
septum. The Pt catalyst (1.4 uL of 2 wit% solution) was then added to the
solution via syringe, With the reaction mixture stirring at room temperature, |1
mmol of the appropriate silane was added vig syringe. The reaction mixture
was then allowed to stir for 24 hours at 100 °C. After cooling, solvent and
excess silane were removed by dynamic vacuum, leaving a beige solid
compound.

Results and Discussion

Synthesis. Mono-, di-, and tri-chlorosilyl functional fluoroPOSS
molecules were synthesized by the hydrosilylation of (vinyl, methyl)-
(1H,1H,2H,2H-perfluorodecyl)sSix0;3  POSS and  dimethylchlorosilane,
methyldichlorosilane, or trichlorosilane, as shown in figure 2.

X/
~
] Tf\"--u
w,l S 3 ki) s!.,.%“ 0 K, b, Eo
B A R ""‘T“ S ) AR
o‘%,; ‘l:':f' * 1;';_,‘ L '2' b= AU T I EF,
nit;jﬂ St ,l-':\::i:{ e
el \_h b3 \w-

Figure 2. Synthesis scheme for chlorosilyl-functional fluoroPOSS.

Oxide Surfaces treated with chlorosilyl-functional flueroPOSS, To
qualify the use of the newly synthesized chlorosilyl-functional fluoroPOSS in
non-wetting surfaces,  (2-dimethylchlorosilylethyl, methyl)(111,1H,2F,2H-
perfluorodecyl)sSi,0y (2a) was used to treat a flat silicon dioxide surface.
Once treated, dynamic contact angle analysis was used to characterize the
wetting propertics of the silicon wafers. This data, along with reflectance IR
spectral data, confirms covalent attachment to the silica surface. The resulting
surfaces are believed to be more thermally stable and mechanically robust
than any other surface utilizing fluoroPOSS molecules, The wetting
properties of covalently bound fluoroPOSS monolayers are also compared to
that of spin coated surfaces. Previous research has used contact angles of
various wetting liquids on (1H,1H,2H,2H-perfluorodecyl)y $150,2 POSS spin-
coated surfaces with extremely low rms roughness values to caleulate the
surface energy of the compound.® Variations in the wetting properties of
covalently-bound fluoroPOSS derivatives and spin-coated Rix S1,0,: Ty POSS
provide insight into the source of the low surface energy of the crystalline Ty
POSS compound. The use of chlorosilyl-functional fluoroPOSS molecules in
treating oxide surfaces and other systems, such as polymers and
macromolecules, will be the subject of future research.

Comnclusions

Previously unreported chlorosilyl-functional fluoroPOSS molecules
have been synthesized via hydrosilylation reactions. Synthesized compounds
present a possible route for producing mechanically robust non-wetting
surfaces. The monochlorosilyl-functional fluoroPOSS was used to covalently
attach fluoroPOSS nanoparticles to a silicon dioxide surface. Spectral data and
wetting properties of the treated surface confirm covalent attachment.
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